Rates of coronary angiography, PCI, and CABG surgery.
T reatment of cardiovascular disease is one of the largest drivers of health care cost in the United States, accounting for $273 billion annually. 1 Cardiovascular procedures are major contributors to this high cost. Studies consistently demonstrate several-fold geographic variation in rates of cardiovascular procedures across the United States. [2] [3] [4] [5] For example, the 2007 rate of coronary angiography varied nearly 6-fold from 6.8 per 1000 Medicare fee-for-service (FFS) beneficiaries in Honolulu, Hawaii, to 39.8 per 1000 in Gulfport, Mississippi. The vast majority of the studies of geographic variation in clinical practice have been performed among the Medicare FFS population. 6 In contrast, relatively little is known about variation in the rates of health care utilization among the 23% of Medicare beneficiaries covered under capitated plans via the Medicare Advantage program. 7 Under the Medicare FFS reimbursement structure, physicians are paid more for doing more procedures. In contrast, integrated delivery systems that provide care for Medicare Advantage beneficiaries receive a capitated payment, and physicians working in these settings are not paid more for doing more procedures. If the primary reason for geographic variation in health care utilization is varying financial incentives for physicians, one would expect that overall cardiovascular procedure rates and variation in procedure rates would be lower for Medicare Advantage patients than for Medicare FFS patients. On the other hand, if factors such as differences in patient clinical characteristics, 8, 9 patient preferences for treatment, or local practice culture 10 are the central drivers of variation, one would expect that overall cardiovascular procedure rates and variation in procedure rates would be similar for Medicare Advantage patients and Medicare FFS patients. Therefore, the objective of this study was to compare the overall rates and local area rates of coronary angiography, percutaneous coronary intervention (PCI), and coronary artery bypass graft (CABG) surgery between Medicare Advantage and Medicare FFS beneficiaries living in the same communities. We hypothesized that compared with Medicare FFS, overall rates and the degree of geographic variation of cardiovascular procedure use would be lower within the Medicare Advantage program.
Methods

Study Design
We conducted a cross-sectional study comparing rates of coronary angiography, PCI, and CABG surgery among Medicare Advantage and Medicare FFS beneficiaries over the 5-year period spanning 2003-2007. Data Sources Medicare 
FFS Patients
The study sample of Medicare FFS patients was drawn from the Medicare enrollment database (ie, "denominator" files).
This database includes monthly indicators of whether beneficiaries are enrolled in a Medicare FFS or Medicare Advantage plan, as well as demographic information including dates of birth and death, sex, race, and residential zip codes.
Medicare Advantage Patients
The study sample of beneficiaries with Medicare Advantage plans was drawn from a population of approximately 11 million patients served by integrated delivery systems within the Cardiovascular Research Network (CVRN). [11] [12] [13] The CVRN is a National Heart, Lung, and Blood Institute-sponsored consortium of 15 health systems with dedicated research divisions.
The research divisions compile their data, consisting of administrative, claims, and clinical electronic health record data, into standardized research repositories called the Virtual Data Warehouse to facilitate collaborative research. 12 Twelve CVRN sites participated in this study.
Geographic Area
We used the hospital referral region (HRR) as the geographic unit of analysis. Hospital referral regions have been defined by the Dartmouth Atlas project based on referral patterns for tertiary care 6 and are designed to approximate health care markets, in which practice patterns may be similar. Patients were assigned to HRRs by their zip code of residence.
Procedure Identification
Procedures were identified among Medicare FFS patients via inpatient, outpatient, and physician claims. , and G0291. Coronary artery bypass graft surgery was identified by ICD-9 codes 36.1X and CPT codes 33510-33536. We classified procedures that occurred during a hospitalization for an acute myocardial infarction (ICD-9 code 410.X) as "urgent" and all others as "nonurgent."
Geographic Analysis
The study was restricted to patients living in HRRs (n = 32) with a minimum of 6000 CVRN Medicare Advantage beneficiaries to ensure precision and stability of the HRR-level procedure rates. We included only Medicare Advantage or Medicare FFS patients between the ages of 65 and 99 years, because Medicare coverage is nearly universal after age 65 years. Rates per come data mapped to ZIP codes to estimate the mean income for Medicare Advantage and Medicare FFS patients.
To compare procedure rates across HRRs and between Medicare Advantage and Medicare FFS beneficiaries, we used generalized linear models with a Poisson distribution and a deviance scale parameter to adjust for overdispersion. Outcome variables were the age-, sex-, race-, and incomeadjusted procedure counts, and person-year denominators were included as a logged offset term. Medicare Advantage vs Medicare FFS insurance status and HRR location were added to these models. We calculated the variation reduction attributable to the addition of a variable using overdispersion parameters estimated in Poisson models. The overdispersion of count data are caused by unmeasured variables, and an overdispersion parameter is used in Poisson models to account for the fact that the variance is not equal to the mean. If a variable is associated with outcome and is added in a Poisson model, the overdispersion of count data are lessened and its parameter decreases. We used the decrease of the overdispersion parameters as a measure of variation reduction in this analysis.
We explored the degree of regional variation between Medicare Advantage and Medicare FFS beneficiaries in 2 ways: we calculated the degree of variation between the maximum and minimum adjusted HRR-level procedure rates, and we performed a Levene test to compare variances.
We used a Spearman rank-order correlation coefficient to assess the correlations between the HRR rates for (1) Medicare Advantage and Medicare FFS beneficiary populations for each procedure; (2) angiography and PCI in both populations; and (3) PCI and CABG surgery in both populations.
Within the CVRN only, we additionally adjusted for the presence of coronary heart disease and cardiovascular risk factors (hypertension, hyperlipidemia, and diabetes) 16 using ICD-9 codes 272.0-272.4 for hyperlipidemia, 401.XX-404.XX for hypertension, 250.XX for diabetes, and 410.XX, 412.XX, and 414.0 for prior coronary heart disease. We used a Spearman correlation coefficient to determine the correlation between the demographics-adjusted (age, sex, and race only) procedure rates and demographics-adjusted and disease (coronary heart disease) risk factor-adjusted procedure rates at the HRR level. Statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc). P < .05 (2-sided) was considered statistically significant. The institutional review boards at the University of Pennsylvania and each CVRN site either approved or ceded to the Kaiser Permanente Northern California institutional review board.
Results
This study included 12 CVRN integrated health care delivery systems representing 32 distinct HRRs. Within these HRRs were 878 339 Medicare Advantage patients and 5 013 650 Medicare FFS patients. The proportion of study patients enrolled in a Medicare Advantage plan varied across HRRs from 3% in the Georgia HRRs to 28% in the Northern California HRRs ( Table 1) . Medicare Advantage and Medicare FFS patients were demographically similar, but the Medicare Advantage pa- tients did have slightly lower rates of diabetes (21% vs 24%), hyperlipidemia (44% vs 50%), and prior coronary artery disease (13% vs 19%) ( Table 2) . Because of the large sample sizes, differences between the groups were significant (P < .01 for all). Compared with Medicare FFS patients, Medicare Advantage patients had lower age-, sex-, race-, and incomeadjusted procedure rates per 1000 person-years for angiography When exploring procedure rates across HRRs, we found wide geographic variation among Medicare Advantage patients and among Medicare FFS patients. For angiography, the rates per 1000 person-years among Medicare Advantage beneficiaries ranged from 9.8 to 40.6, whereas the rates among Medicare FFS beneficiaries ranged from 15.7 to 44.3, with no statistically significant difference in the variances (37.1 vs 49.9; P = .56). For PCI, the rates per 1000 person-years among Medicare Advantage beneficiaries ranged from 3.5 to 16.8, whereas the rates among Medicare FFS beneficiaries ranged from 4.7 to 16.1, with no statistically significant difference in the variances (7.0 vs 8.0; P = .77). For CABG surgery, the rates per 1000 person-years among Medicare Advantage beneficiaries ranged from 1.5 to 6.1, whereas the rates among Medicare FFS beneficiaries ranged from 2.5 to 6.0, with no statistically significant difference in the variance (1.2 vs 0.68; P = .14). For angiography and PCI, the variation between regions was largely driven by variations in nonurgent procedures ( Figure 2) .
We found no statistically significant Spearman rank correlation between Medicare Advantage and Medicare FFS beneficiary utilization for angiography (r = 0.19, P = .29) and modest correlations for PCI (r = 0.33, P = .06) and CABG surgery (r = 0.35, P = .05) (Figure 3) . In our Poisson analysis, the variation in the rates of angiography was reduced by 19% when payment structure (Medicare Advantage vs Medicare FFS) was added to the model and was further reduced to a total of 50% when region (HRR) was added to the model. For PCI, the variation was reduced by 11% when payment structure only was added to the model and by a total of 47% when region was added. For CABG surgery, the variation was reduced by 1% with payment structure only and by a total of 36% when region was added to the model.
When exploring the correlation of procedures at the HRR level, we found that rates of coronary angiography were highly correlated with rates of PCI (r = 0.88, P < .01), and rates of PCI were modestly correlated with rates of CABG surgery (r = 0.54, P < .01).
Within the CVRN only, the demographics-adjusted (age, sex, race, and income only) rates for angiography, PCI, and CABG surgery were highly correlated with the demographicsadjusted and disease (coronary heart disease) risk factoradjusted procedure rates (r = 0.82 to 0.94, P < .01 for all) (Figure 4) , confirming minimal change in the ranking of communities with the additional adjustments. More importantly, disease adjustments did not decrease the range of rates, and variances increased slightly (variance with no disease vs disease adjustment: angiography, 38.3 vs 38.5; PCI, 7.9 vs 8.6; CABG surgery, 38.3 vs 38.5).
Discussion
We compared overall rates of and geographic variation in the use of major cardiovascular procedures between Medicare Advantage and Medicare FFS beneficiaries across 32 HRRs. We care Advantage and Medicare FFS beneficiaries for PCI and CABG surgery but not for angiography. Last, demographicsadjusted procedure rates were highly correlated with demographics-adjusted and disease-adjusted rates. This study has several strengths. First, we directly compared rates between Medicare Advantage and Medicare FFS beneficiaries. Few studies have done this, because comprehensive administrative claims data for Medicare Advantage patients have not been readily available. Data sources such as the CVRN are among the few ways to capture procedure rates within Medicare Advantage systems. Because evolving payment policy including accountable care organizations 17 emphasizes capitation, it is critical that the effects of capitation on health care utilization be better understood. Second, the CVRN is large and geographically diverse, with patients comparable to those in the surrounding populations. 13 Third, we include both inpatient and outpatient rates. Prior reports documenting geographic variation of procedures generally only include inpatient rates. 6 Although this is appropriate for procedures like CABG surgery that are always performed in the hospital, counting inpatient rates alone underestimates rates for procedures, including angiography and PCI, performed on large numbers of outpatients. Fourth, most geographic variation studies have not adjusted for differences in population clinical characteristics. 8, 9 In this study we adjusted not only for patient demographics but also for preexisting coronary heart disease as well as risk factors for coronary heart disease. The finding that Medicare Advantage patients have lower rates of angiography and PCI underscores the need for additional research to determine the extent to which this is attributable to differences in population characteristics, more efficient utilization of procedures among Medicare Advantage patients (ie, overutilization in Medicare FFS), or harmfully restrictive management of utilization among Medicare Advantage patients (ie, underutilization in Medicare Advantage). One explanation for the differences in rates seen in this report could be that Medicare Advantage beneficiaries are healthier and require fewer cardiovascular procedures than Medicare FFS beneficiaries. 18 We partially address this by showing that demographics-adjusted and disease-adjusted rates are highly correlated with the demographics-adjusted rates. The fact that the difference in rates between Medicare Advantage and Medicare FFS was attributable to nonurgent procedures provides some evidence that necessary procedures are not being withheld from Medicare Advantage beneficiaries. Future research should explore if the differences in procedure rates between Medicare Advantage and Medicare FFS patients are associated with differences in appropriateness and in clinical outcomes. The degree of regional variation was similar for Medicare Advantage and Medicare FFS beneficiaries, suggesting that factors beyond payment mechanisms influence practice variations. For some medical interventions, regional variation has been strongly associated with supply; for example, length of stay in an intensive care unit is associated with the regional number of intensive care beds. 19 Similarly, the rate of cardiac catheterization is associated with the regional supply of cardiac catheterization laboratories. 20 The variation seen in this study may be a function of the availability of the procedures. In other research, patient-level factors including patient preferences and disease variability have had a minimal influence on variations in utilization. [21] [22] [23] [24] [25] [26] That the variation did not diminish with disease adjustment in our analysis further supports this point. Prior research exploring appropriateness in angiography at the regional level suggests that regions with higher rates perform a higher number of both appropriate and inappropriate procedures. 5 Last, other research suggests that the central drivers of practice variation are implicit professional norms or the local practice culture. 10, 27 To better understand each of these potential factors, future research should explore the influences of physician supply, procedure capacity, social norms, practice culture, and appropriateness of procedure use. The finding that the regional rates for PCI and CABG surgery are correlated between the Medicare Advantage and the nente health care system, more than 2-fold variations have been observed across regions in the average number of hospital days in the last 6 months of life. Although those numbers were lower than the number of hospital days seen in Medicare FFS patients in these same regions, the patterns of use were correlated at the region level. 29 Our report extends those findings by directly exploring patient-level utilization in procedure rates between a much larger population of Medicare Advantage and Medicare FFS patients and by demonstrating that the patterns persist even after adjusting for population clinical characteristics. Several limitations should be considered when interpreting these findings. First, we were unable to assess the degree to which regional variations were influenced by procedural appropriateness or patient preferences. Second, these results were not linked to clinical outcomes, so we do not know if differential use of cardiovascular procedures within an HRR affects patient outcomes. Third, patients choosing a Medicare Advantage plan may be different than patients in Medicare FFS, and this implies that the "correct" rate of cardiovascular procedure use may be different in these populations. 30 Fourth, we were unable to adjust for smoking, one of the most important risk factors for coronary artery disease. Fifth, although all Medicare Advantage plans receive capitated payments from the government, there are different models of delivery. Examples are "staff" models, in which clinicians are salaried and work directly for the health management organization, and "group" or "network" models, in which clinicians are contracted by the health plan. Given that many of the organizations participating in the CVRN are a mixture of these models, we were unable to analyze this effect in this report, but the effect would be an important avenue for future research.
Conclusions and Implications
We demonstrated lower utilization of cardiac procedures for Medicare Advantage compared with Medicare FFS as well as wide geographic variation. Geographic variation in health services in the Medicare FFS population has fueled the perception of an inefficient, ineffective US health care system. 21, 31 Until the causes of geographic variation are understood, shedding light on the sources of variability remains an important research and quality improvement endeavor. Indeed, comparing "the effectiveness of accountable care systems and usual care on costs, processes of care, and outcomes for geographically defined populations of patients" is one of the Institute of Medicine's 100 priorities for comparative effectiveness research. 32 Capitation in various forms is anticipated to be an effective means of reducing future health care cost growth, particularly cost growth resulting from unnecessary care. Although in this study capitation was associated with lower procedure rates for angiography and PCI, the substantial geographic variation that remained despite the reimbursement structure suggests that capitation alone may not lead to reductions in the wide variations seen in use of cardiovascular procedures.
